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PYRIMIDINE A2B SELECTIVE ANTAGONIST 
COMPOUNDS, THEIR SYNTHESIS AND USE 

This application is a continuation of US. Ser. No. 10/326, 
204 ?led Dec. 20, 2002 now US. Pat. No. 6,916,804, Which 
claims the bene?t of US. Provisional Application No. 
60/342,595, ?led Dec. 20, 2001. 

Throughout this application, various publications are ref 
erenced by full citations. The disclosures of these publica 
tions in their entireties are hereby incorporated by reference 
into this application in order to more fully describe the state of 
the art as knoWn to those skilled therein as of the date of the 
invention described and claimed herein. 

BACKGROUND OF THE INVENTION 

Adenosine is an ubiquitous modulator of numerous physi 
ological activities, particularly Within the cardiovascular and 
nervous systems. The effects of adenosine appear to be medi 
ated by speci?c cell surface receptor proteins. Adenosine 
modulates diverse physiological functions including induc 
tion of sedation, vasodilation, suppression of cardiac rate and 
contractility, inhibition of platelet aggregability, stimulation 
of gluconeogenesis and inhibition of lipolysis. In addition to 
its effects on adenylate cyclase, adenosine has been shoWn to 
open potassium channels, reduce ?ux through calcium chan 
nels, and inhibit or stimulate phosphoinositide turnover 
through receptor-mediated mechanisms (See for example, C. 
E. Muller and B. Stein “Adenosine Receptor Antagonists: 
Structures and Potential Therapeutic Applications,” Current 
Pharmaceutical Design, 2:501 (1996) and C. E. Muller “A1 
Adenosine Receptor Antagonists,” Exp. Opin. T her. Patents 
7(5):419 (1997)). 

Adenosine receptors belong to the superfamily of purine 
receptors Which are currently subdivided into P l (adenosine) 
and P2 (ATP, ADP, and other nucleotides) receptors. Four 
receptor subtypes for the nucleoside adenosine have been 
cloned so far from various species including humans. TWo 
receptor subtypes (Al and A20) exhibit a?inity for adenosine 
in the nanomolar range While tWo other knoWn subtypes A21, 
and A3 are loW-af?nity receptors, With a?inity for adenosine 
in the loW-micromolar range. Al and A3 adenosine receptor 
activation can lead to an inhibition of adenylate cyclase activ 
ity, While Aza and A21, activation causes a stimulation of ade 
nylate cyclase. 
A feW Al antagonists have been developed for the treat 

ment of cognitive disease, renal failure, and cardiac arrhyth 
mias. It has been suggested that A20 antagonists may be ben 
e?cial for patients suffering from Morbus Parkinson 
(Parkinson’s disease). Particularly in vieW of the potential for 
local delivery, adenosine receptor antagonists may be valu 
able for treatment of allergic in?ammation and asthma. Avail 
able information (for example, Nyce & MetZger “DNA anti 
sense Therapy for Asthma in an Animal Model” Nature 
(1997) 385: 721-5) indicates that in this pathophysiologic 
context, Al antagonists may block contraction of smooth 
muscle underlying respiratory epithelia, While A21, or A3 
receptor antagonists may block mast cell degranulation, miti 
gating the release of histamine and other in?ammatory 
mediators. A21, receptors have been discovered throughout the 
gastrointestinal tract, especially in the colon and the intestinal 
epithelia. It has been suggested that A21, receptors mediate 
cAMP response (Strohmeier et al., J. Bio. Chem. (1995) 270: 
2387-94). 

A21, receptors have also been implicated in Wide variety of 
physiological activities, thereby suggesting that treatment of 
associated disorders can be effected by blocking the A21, 
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2 
receptor. For example, A21, receptor sites play a role in the 
degranulation of mast cells and hence in the treatment of 
asthma, myocardial reperfusion injury, allergic reactions 
including but not limited to rhinitis, poison ivy induced 
responses, urticaria, scleroderm arthritis, other autoimmune 
diseases and in?ammatory boWel diseases (Gao, Z. et al., J. 
Biol. Chem. (1999), 274(9):5972-5980, Linden, J. et al., Life 
Sciences (1998), 62(17-18):1519-1524 and US. Pat. No. 
6,117,878, issued Sep. 12, 2000). A21, receptors have also 
been shoWn to inhibit the groWth of cardiac ?broblasts, 
thereby suggesting that they may prevent cardiac remodeling 
associated With hypertension, myocardial infarction and 
myocardial reperfusion after ischemia (Dubey, R. K. et al., 
Hypertension (2001), 37:716-721), mediate the role of 
adenosine in lymphocyte activation (Mirabet, M. et al., J. 
Cell. Sci. (1999), 112(4):491-502), regulate vasodilation and 
groWth (Ralevic, V. and Bumstock, G., Pharmacol. Rev. 
(1998), 50(3):413-492, Corset, V. et al., Nature (2000), 407 
(6805):747-750, and Haynes, J. Jr. et al., Am. J Physiol. 
(1999), 276(6):H1877-83), participate in neural re?exes in 
the human gut (Christo?, F. L. et al., J Comp. Neurol. (2001), 
439(1):46-64), and regulate retinal angiogenesisithereby 
suggesting the use of A21, antagonists in treating diseases 
associated With abberant neovasculariZation such as diabetic 
retinopathy and retinopathy of prematurity (Grant, M. B. et 
al., Invest. Opthalmol. VlS. Sci. (2001), 42(9):2068-2073). 
They are also involved in the modulation of intestinal tone 
and secretion and neurotransmission and neurosecretion 
(Feoktistov, l. and Biaggioni, 1., Pharmacol. Rev. (1997), 
49(4):381-402). 

A21, receptors are also coupled to Gs/Gq signaling Which 
has been shown to be involved in cellular transformations 
such as cellular invasion (Faivre, K. et al., Molecular Phar 
macology (2001), 60:363-372 and Regnauld, K. et al., Onco 
gene (2002), 21(25):4020-4031), thereby suggesting that 
treatment of cancer can be effected With A21, antagonists. 

Adenosine receptors have also been shoWn to exist on the 
retinas of various mammalian species including bovine, por 
cine, monkey, rat, guinea pig, mouse, rabbit and human (See, 
BlaZynski et al., “Discrete Distributions of Adenosine Recep 
tors in Mammalian Retina,” Journal of Neurochemistry, vol 
ume 54, pages 648-655 (1990); Woods et al., “Characteriza 
tion of Adenosine Al-Receptor Binding Sites in Bovine 
Retinal Membranes,” Experimental Eye Research, volume 
53, pages 325-331 (1991); and Braas et al., “Endogenous 
adenosine and adenosine receptors localiZed to ganglion cells 
of the retina,” Proceedings ofthe National Academy ofSci 
ence, volume 84, pages 3906-3910 (1987)). Recently, Will 
iams reported the observation of adenosine transport sites in 
a cultured human retinal cell line (Williams et al., “Nucleo 
side Transport Sites in a Cultured Human Retinal Cell Line 
Established By SV-40 T Antigen Gene,” Current Eye 
Research, volume 13, pages 109-118 (1994)). 
Compounds Which regulate the uptake of adenosine have 

previously been suggested as potential therapeutic agents for 
the treatment of retinal and optic nerve head damage. In US. 
Pat. No. 5,780,450 to Shade, Shade discusses the use of 
adenosine uptake inhibitors for treating eye disorders. Shade 
does not disclose the use of speci?c A3 receptor inhibitors. 
The entire contents of US. Pat. No. 5,780,450 are hereby 
incorporated herein by reference. Compounds speci?c to the 
adenosine A1, Aza and A3 receptors and their uses thereof 
have been previously disclosed in PCT lntemational Publi 
cation Nos. WO 99/62518 and WO 01/39777 A1. The entire 
contents of PCT lntemational Publication Nos. WO 99/62518 
and WO 01/39777 A1 are hereby incorporated herein by 
reference. 
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PCT International Publication No. W0 99/ 64407 generi 
cally discloses ot-(l-piperaZinyl)acetamido arenecarboxylic 
acid derivatives as antidaibetic agents. However, the com 
pounds disclosed differ from the compounds of the present 
invention in that they have a carboxylic acid group rather than 
an amino group attached to the central ring. In addition, the 
cited application does not exemplify any compounds in Which 
the central ring is pyrimidine or any compounds Which have 
a phenyl ring or a heterocyclic ring attached to the central aryl 
ring. 
PCT International Publication No. WO 97/47601 discloses 

fused heterocyclic compounds having D4 and D2 receptor 
activity. The disclosed compounds differ from the com 
pounds of the present invention in that the central ring struc 
ture is bicyclic in W0 97/ 47601 rather than monocyclic as in 
the compounds of the present invention, and the central ring 
structure in WO 97/47601 does not alloW for an additional 
aminoalkyl substituent. 

Additional adenosine receptor antagonists are needed as 
pharmacological tools and are of considerable interest as 
drugs for the above-referenced disease states and/or condi 
tions. 

SUMMARY OF THE INVENTION 

The subject invention provides compounds having the 
structure: 

(I) 
H 

WNVWRNH 
O 

wherein 
R1 is substituted or unsubstituted phenyl or a 5-6 mem 

bered heterocyclic or heteroaromatic ring containing 
from 1 to 5 heteroatoms; 

R2 is hydrogen, or a substituted or unsubstituted alkyl, 
4C(O)-alkyl, iC(O)4O-alkyl, alkoxy, cycloalkyl, 
alkenyl, monocyclic or bicyclic aryl, heteroaryl or het 
erocyclic moiety; 

R3 is hydrogen, or a substituted or unsubstituted alkyl, 
4C(O)-alkyl, iC(O)4O-alkyl, alkoxy, cycloalkyl, 
alkenyl, monocyclic or bicyclic aryl, heteroaryl or het 
erocyclic moiety, or R2 and R3 are joined to form a 
heterocyclic ring; 

Wherein the dashed line represents a second bond Which 
may be present or absent, and When present R3 is oxy 
gen; 

R4 and R5 are each independently substituted or unsubsti 
tuted alkyl, 4C(O)-alkyl, iC(O)4O-alkyl, alkoxy, 
cycloalkyl, alkenyl, monocyclic or bicyclic aryl, het 
eroaryl or heterocyclic moiety, or 

R4NR5 together form a substituted or unsubstituted mono 
cyclic orbicyclic, heterocyclic or heteroaryl moiety con 
taining from 1 to 6 heteroatoms; 

R12 is hydrogen, alkyl, halogen or cyano; and 
nis 0, l, 2, 3 or4, 
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4 
or an enantiomer, or a speci?c tautomer, or a pharmaceuti 
cally acceptable salt thereof. 
The subject invention also provides compounds having the 

structure: 

H (W) 

IIN/VNY 
:1 \ O 

N/ N/\ 

0 

R11 

Wherein 
R10 is substituted or unsubstituted alkyl, 4C(O)-alkyl, 
4C(O)iO-alkyl, alkoxy, cycloalkyl, alkenyl, or a sub 
stituted or unsubstituted, monocyclic or bicyclic aryl, 
heterocyclic or heteroaryl moiety containing from 1 to 6 
heteroatoms; and 

R1 1 is a hydrogen or halogen atom. 
The subject invention further provided compounds having 

the structure: 

(V) 
N HN/\/ Y 

R12 0 
N \ 

| / s R 10 
N N/\/ \H/ H 

0 

R11 

Wherein, 
R10 is substituted or unsubstituted alkyl, 4C(O)-alkyl, 
4C(O)iO-alkyl, alkoxy, cycloalkyl, alkenyl, or a sub 
stituted or unsubstituted monocyclic or bicyclic aryl, 
heterocyclic or heteroaryl moiety containing from 1 to 6 
heteroatoms; 

R1 1 is a hydrogen or halogen atom; and 
R12 is hydrogen, alkyl, halogen or cyano. 
The subject invention further provides compounds having 

the structure: 

(V1) 

0 R 
N/ I 12 o 

\ )K/Ra N N 
H 

Wherein Ra is Cl, Br or I; and 
R12 is hydrogen, alkyl, halogen or cyano. 
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The subject invention further provides compounds having 
the structure: 

(v11) 
H 
N HN/\/ 

O 

bi? O / O\ N g“ Rb 
0 

wherein Rb is hydrogen or methyl. 
The subject invention further provides compounds having 

the structure: 

(VIII) 
H 
N 

N \ R12 0 

I / 
N R0 

R11 

wherein, 
R6 is a halogen atom; 
R1 1 is a hydrogen or halogen atom; and 

R12 is hydrogen, alkyl, halogen or cyano. 
The subject invention also provides the use of the com 

pound of any one of Structures I-VIII for manufacturing a 
medicament useful for treating a disease associated With the 
A21, adenosine receptor in a subject, Wherein the disease asso 
ciated With the A21, adenosine receptor is asthma, urticaria, 
scleroderm arthritis, myocardial infarction, myocardial rep 
erfusion after ischemia, diabetic retinopathy, retinopathy of 
prematurity, diabetes, diarrhea, in?ammatory boWel disease, 
proliferating tumor or is associated With mast cell degranu 
lation, vasodilation, hypertension, hypersensitivity or the 
release of allergic mediators. 

DETAILED DESCRIPTION 

The subject invention provides compounds having the 
structure: 

(I) 
H 
N 

Y O 
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6 
wherein 
R1 is substituted or unsubstituted phenyl or a 5-6 mem 

bered heterocyclic or heteroaromatic ring containing 
from 1 to 5 heteroatoms; 

R2 is hydrogen, or a substituted or unsubstituted alkyl, 
4C(O)-alkyl, 4C(O)iO-alkyl, alkoxy, cycloalkyl, 
alkenyl, monocyclic or bicyclic aryl, heteroaryl or het 
erocyclic moiety; 

R3 is hydrogen, or a substituted or unsubstituted alkyl, 
4C(O)-alkyl, 4C(O)iO-alkyl, alkoxy, cycloalkyl, 
alkenyl, monocyclic or bicyclic aryl, heteroaryl or het 
erocyclic moiety, or R2 and R3 are joined to form a 
heterocyclic ring; 

Wherein the dashed line represents a second bond Which 
may be present or absent, and When present R3 is oxy 
gen; 

R4 and R5 are each independently substituted or unsubsti 
tuted alkyl, 4C(O)-alkyl, iC(O)iO-alkyl, alkoxy, 
cycloalkyl, alkenyl, monocyclic or bicyclic aryl, het 
eroaryl or heterocyclic moiety, or 

R4NR5 together form a substituted or unsubstituted mono 
cyclic orbicyclic, heterocyclic or heteroaryl moiety con 
taining from 1 to 6 heteroatoms; 

R12 is hydrogen, alkyl, halogen or cyano; and 
nis 0, l, 2, 3 or4, 

or an enantiomer, or a speci?c tautomer, or a pharmaceuti 
cally acceptable salt thereof. 

In one embodiment of Structure I, R3 is hydrogen, or a 
substituted or unsubstituted alkyl or aryl. 

In another embodiment of Structure I, any heterocyclic or 
heteroaryl ring, if present, is a piperaZine, piperidine, (1,4) 
diaZepan, pyraZine, pyridine, pyrrolidine, pyraZole, pyrimi 
dine, thiophene, imidaZole, aZetidine, pyrrole, benZothiaZole, 
benZodioxolane, dithiolane, oxathiine, imidaZolidine, quino 
line, isoquinoline, dihydroisoquinoline, indole, isoindole, 
triaZaspiro[4.5]decane, morpholine, furan or an isothiaZole 
ring. 

In another embodiment, the subject invention provides 
compounds having the structure: 

(11) 

m2 

Wherein, 
R6 and R9 are each, independently, hydrogen or alkyl; 
R7 is hydrogen, OH, an alkoxy, an ester, an acetal, a ketal or 
CN; 

R8 is a substituted or unsubstituted aryl, aryloxy, or alky 
laryl; 

X is C or N; 

Wherein When X is N, R7 or R8 is absent; 
Wherein When X is C, R7XR8 may form a 3-8 membered 

carbocyclic or heterocyclic ring; and 
m is l or 2. 
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In another embodiment, any heterocyclic or heteroaryl 
ring, if present, is a piperaZine, piperidine, (1,4)diazepan, 
pyraZine, pyridine, pyrrolidine, pyraZole, pyrimidine, 
thiophene, imidaZole, aZetidine, pyrrole, benZothiaZole, ben 
Zodioxolane, dithiolane, oxathiine, imidaZolidine, quinoline, 
isoquinoline, dihydroisoquinoline, indole, isoindole, triaZa 
spiro[4.5]decane, morpholine, furan or an isothiaZole ring. 
The subject invention also provides compounds having the 

structure: 

(W) 
N 

O 
N \ 

I / 

K/N R10 
R11 \H/ 

0 

wherein 

R10 is substituted or unsubstituted alkyl, 4C(O)-alkyl, 
4C(O)iO-alkyl, alkoxy, cycloalkyl, alkenyl, or a sub 
stituted or unsubstituted, monocyclic or bicyclic aryl, 
heterocyclic or heteroaryl moiety containing from 1 to 6 
heteroatoms; and 

R1 1 is a hydrogen or halogen atom. 

In one embodiment of Structure IV, R10 is a substituted or 
unsubstituted alkyl, 4C(O)-alkyl, iC(O)4O-alkyl, 
cycloalkyl, alkenyl, or a substituted or unsubstituted, mono 
cyclic or bicyclic aryl, heterocyclic or heteroaryl moiety con 
taining from 1 to 6 heteroatoms. 

In a further embodiment, R1 1 is hydrogen. 

In a further embodiment, R1 1 is a halogen atom. 

In a further embodiment of Structure IV, any heterocyclic 
or heteroaryl ring, if present, is a piperaZine, piperidine, (1,4) 
diaZepan, pyraZine, pyridine, pyrrolidine, pyraZole, pyrimi 
dine, thiophene, imidaZole, aZetidine, pyrrole, benZothiaZole, 
benZodioxolane, dithiolane, oxathiine, imidaZolidine, quino 
line, isoquinoline, dihydroisoquinoline, indole, isoindole, 
triaZaspiro[4.5]decane, morpholine, furan or an isothiaZole 
ring. 

The subject invention further provided compounds having 
the structure: 

(V) 
N 

N \ 

I / N R 10 
N N/\/ \H/ H 

0 

R11 

Wherein, 
R10 is substituted or unsubstituted alkyl, 4C(O)-alkyl, 
4C(O)iO-alkyl, alkoxy, cycloalkyl, alkenyl, or a sub 
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10 
stituted or unsubstituted monocyclic or bicyclic aryl, 
heterocyclic or heteroaryl moiety containing from 1 to 6 
heteroatoms; 

R1 1 is a hydrogen or halogen atom; and 

R12 is hydrogen, alkyl, halogen or cyano. 
In one embodiment of Structure V, R10 is substituted or 

unsubstituted alkyl, 4C(O)-alkyl, iC(O)4O-alkyl, 
cycloalkyl, alkenyl, or a substituted or unsubstituted mono 

cyclic or bicyclic aryl, heterocyclic or heteroaryl moiety con 
taining from 1 to 6 heteroatoms and R12 is hydrogen or 
methyl. 

In a further embodiment, R1 1 is hydrogen. 

In a further embodiment, R12 is hydrogen. 
In a further embodiment, R12 is methyl. 
In a further embodiment, R1 1 is a halogen atom. 

In a further embodiment, R12 is hydrogen. 
In a further embodiment, R12 is methyl. 
In a further embodiment, any heterocyclic or heteroaryl 

ring, if present, is a piperaZine, piperidine, (1,4)diazepan, 
pyraZine, pyridine, pyrrolidine, pyraZole, pyrimidine, 
thiophene, imidaZole, aZetidine, pyrrole, benZothiaZole, ben 
Zodioxolane, dithiolane, oxathiine, imidaZolidine, quinoline, 
isoquinoline, dihydroisoquinoline, indole, isoindole, triaZa 
spiro[4.5]decane, morpholine, furan or an isothiaZole ring. 

The subject invention further provides compounds having 
the structure: 

(V1) 
H 
N Y \/\NH 

0 R12 
N / I o 

Wherein Ra is Cl, Br or I; and 

R12 is hydrogen, alkyl, halogen or cyano. 
In one embodiment, Ra is Cl. 

In another embodiment, Ra is Br. 
The subject invention further provides compounds having 

the structure: 

(v11) 
H 
N 

O 

bi? O / O 

N NM \Rb H 

0 

wherein Rb is hydrogen or methyl. 

In one embodiment, Rb is hydrogen. 
In another embodiment, Rb is methyl. 
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The subject invention further provides compounds having 
the structure: 

(VIII) 

R11 

wherein, 
R6 is a halogen atom; 
R1 1 is a hydrogen or halogen atom; and 
R12 is hydrogen, alkyl, halogen or cyano. 
In one embodiment, RC is Cl. 
In a further embodiment, R1 1 is hydrogen. 
In another embodiment, R12 is hydrogen. 
In another embodiment, R12 is methyl. 
In another embodiment, R1 1 is Cl. 
In a further embodiment, R12 is hydrogen. 
In another embodiment, R12 is methyl. 
In a further embodiment of Structure I, 
R1 is unsubstituted phenyl or phenyl substituted With Cl; 
R2 is hydrogen; 
R3 is hydrogen or oxygen; 
R4, N, R5 together form a piperidine ring substituted With 
AXQHS), Amgmcl), w(C6H4[OCH31), 
i(c6n5), %II2(C6II4[OCII3]), *CII2(C6II4F), 
%H2(C6H4C1), *(OHXCHZXQHS), *(CNXQHS), 
i(CN)(C6H4Cl); a 3,5-dimethyl piperaZine ring substi 
tuted With 4CH2(C6H5); a piperaZine ring substituted 
with *CHAQHS), *(C6H5), *CH2(C6H4[OCH3]), 
%H2(C6H4C1), %H2(C6H4F), %H2(C6H4[CF31), 
4CH2(C5H4N)> iCH2(C6Hl 1): i(CH2)2(C6H5); or a 
[l ,4]diaZepan ring substituted With i(C6H5), i(CH2) 
2<C6H5x %H2(C6H5), *CH2(C6H4F), %H2(C6H4 
[CF3]), %H2(C5H4N), iCH2(C6H4Cl), or iCHZ 
(CSH3NICH3I); and 

R12 is hydrogen. 
The subject invention also provides a method for treating a 

disease associated With the A21, adenosine receptor in a sub 
ject in need of such treatment comprising administering to the 
subject a therapeutically effective amount of the compound of 
Structure I so as to thereby treat the disease associated With 
the A21, adenosine receptor in the subject, Wherein the disease 
associated With the A21, adenosine receptor is asthma, urti 
caria, scleroderm arthritis, myocardial infarction, myocardial 
reperfusion after ischemia, diabetic retinopathy, retinopathy 
of prematurity, diabetes, diarrhea, in?ammatory boWel dis 
ease, proliferating tumor or is associated With mast cell 
degranulation, vasodilation, hypertension, hypersensitivity 
or the release of allergic mediators. 

In one embodiment, the disease associated With the A21, 
adenosine receptor is diabetes. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is asthma. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is associated With mast cell degranulation. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is a proliferating tumor. 
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The subject invention also provides a pharmaceutical com 

position comprising the compound of any of Structures I-V 
and a pharmaceutically acceptable carrier. 

In one embodiment, the pharmaceutical composition is 
formulated for oral, topical, parenteral or nasal administra 
tion. 

The subject invention also provides a process for the manu 
facture of a pharmaceutical composition comprising admix 
ing the compound of any of Structures I-V With a pharma 
ceutically acceptable carrier. 
The subject invention also provides a package comprising 

the above pharmaceutical composition and instructions for 
use of the pharmaceutical composition in the treatment of a 
disease associated With the A21, adenosine receptor. 

The subject invention also provides the pharmaceutically 
acceptable salt of Structure I, Wherein the salt is a hydrochlo 
ride salt. 

The subject invention also provides a process of manufac 
turing the compound of Structure VI, comprising the steps of: 

(a) reacting 

NH HCl 

NH2 

With a 2-substituted diethyl malonate in the presence of a 
base in a solvent under suitable conditions to provide: 

OH 

R12 
N / 

\ 
N OH; 

(b) reacting the product of step (a) With a chlorinating agent 
to provide: 

Cl 

R12; 
N / 

\ 
N Cl 
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(c) reacting the product of step (b) With an aminating agent 
in the presence of solvent to provide: 

Cl 

R12 
N / 

\ 
N NHZ; 

(d) reacting the product of step (c) With N-acetylethylene 
diamine to provide: 

H 
N Y \/\NH 

O R 
N/ l 12 

\ 
N NH;; and 

(e) reacting the product With 

Wherein Ra is C1 or Br; and 

R12 is hydrogen, alkyl, halogen or cyano. 
In one embodiment of the above process, the solvent in step 

(a) is DMF and the base is DBU. 

In another embodiment, the chlorinating agent in step (b) is 
POCl3. 

In a further embodiment, the aminating agent of step (c) is 
ammonia and the solvent is DMSO. 

In a further embodiment, the base is 2,6-lutidine and the 
solvent is CHzClz/DMF. 

In a further embodiment, the subject invention provides a 
compound produced by the above process. 

The subject invention also provides a process for manufac 
turing the compound of Structure II, comprising reacting a 
compound having the structure: 
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§ Y \/\NH 
O 

N / l O 

\ )k/ R“ 
N N 

H 

Wherein Ra is C1 or Br, With 

R6 
R7 

R8 ):(/ 
HNV (CH2),,\ 

R9 

under suitable conditions to provide: 

R6 and R9 are each independently hydrogen or alkyl; 
R7 is hydrogen, OH, an alkoxy, an ester, an acetal, a ketal or 

R8 is a substituted or unsubstituted aryl, aryloxy, or alky 
laryl; 

X is C or N; 

Wherein When X is N, R7 or R8 is absent; 
Wherein When X is C, R7XR8 may form a 3-8 membered 

carbocyclic or heterocyclic ring; and 
mislor2. 

The subject invention also provides a compound produced 
by the above process. 
The subject invention also provides a compound having the 

structure: 
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wherein, 
R1 3 is a substituted orunsubstituted (C l-C4)alkyl, branched 

alkyl or (C3-C7)cycloalkyl, Wherein the substituent is 
ADH, OR, iNHz, iNRlsRlg, iR2ONOCR2l, 
R22R23NCOi, carboxyl, carbamoyl 
(iR2ONOCNR22R23), carbamate (iR2ONOCOR), or a 
heterocyclic ring; or a substituted or unsubstituted aryl 
or heterocyclic ring Wherein any substituent, if present, 
is OH, OR, halogen, NH2, or NHR; -Wherein R is alkyl, 
cycloalkyl, aryl, heteroaryl, susbtituted alkyl, aryl, ary 
lalkyl, or heterocyclic; 

R14 is substituted or unsubstituted phenyl, Wherein the 
substituent, if present, is halogen, OH, NH2, OR, NHR 
or a 5-6 membered heterocyclic ring; 

R15 is H, or alkyl; 
R16 is H, substituted or unsubstituted alkyl or aryl, or R15 

and R16 are joined to form a heterocyclic ring; 
X is CHRl7, CR24R25, O or NR; 
R17 is H, substituted or unsubstituted alkyl, aryl, arylalkyl, 

heterocyclic, heterocyclic alkyl, OH, OR, NH2, 
NRlsRlg, R2ONOCR2l, R22R23NCOi, carboxyl, car 
bamoyl (iR2ONOCNR22R23), carbamate 
(iRzoNOCOR), or (C3-C7)cycloalkyl; 

R18 and R19 are each independently hydrogen, substituted 
or unsubstituted alkyl or aryl or RISNRl9 together form 
a heterocyclic ring of betWeen 4 and 8 members; 

R20 and R21 are each independently a substituted or unsub 
stituted alkyl, aryl, or alkylaryl moiety; 

R22 and R23 are each independently hydrogen, substituted 
or unsubstituted alkyl, aryl or alkylaryl, or R22NR23 
together form a heterocyclic ring of betWeen 4 and 8 
members; 

R24 and R25 are each independently hydrogen, substituted 
or unsubstituted alkyl, cycloalkyl, aryl, heterocyclic or 
R24 and R25 together form a 3-7 membered ring system 
or a dioxalane or dioxane ring system; and 

p is 0, 1 or 2. 
The subject invention also provides the use of the com 

pound of any one of Structures I-VIII for manufacturing a 
medicament useful for treating a disease associated With the 
A21, adenosine receptor in a subject, Wherein the disease asso 
ciated With the A21, adenosine receptor is asthma, urticaria, 
scleroderrn arthritis, myocardial infarction, myocardial rep 
erfusion after ischemia, diabetic retinopathy, retinopathy of 
prematurity, diabetes, diarrhea, in?ammatory boWel disease, 
proliferating tumor or is associated With mast cell degranu 
lation, vasodilation, hypertension, hypersensitivity or the 
release of allergic mediators. 

In one embodiment of the above use, the disease associated 
With the A21, adenosine receptor is diabetes. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is asthma. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is associated With mast cell degranulation. 

In another embodiment, the disease associated With theA2b 
adenosine receptor is a proliferating tumor. 

The compound of any one of Structures I-V or IX, Wherein 
any alkyl is a straight chain (C 1-C3O)alkyl or a branched chain 
(C3-C3O)alkyl, any cycloalkyl is (C3-C1O)cycloalkyl, and any 
substituent, if present, is selected from halogen, hydroxyl, 
straight chain (C1-C3O)alkyl, branched chain (C3-C3O)alkyl, 
(C3-Clo)cycloalkyl, straight chain(Cl -C3o)alkylcarbonyloxy, 
branched chain (C3-C3O)alkylcarbonyloxy, arylcarbonyloxy, 
straight chain(Cl-C3o)alkoxycarbonyloxy, branched chain 
(C3-C3o)alkoxycarbonyloxy, aryloxycarbonyloxy, carboxy 
late, straight chain(C 1-C3O)alkylcarbonyl, branched chain 
(C3-C3O)alkylcarbonyl, straight chain (Cl-C3O)alkoxycarbo 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
nyl, branched chain (C3-C3o)alkoxycarbonyl, aminocarbo 
nyl, straight chain (C l-C3O)alkylthiocarbonyl, branched 
chain (C3-C3O)alkylthiocarbonyl, straight chain (Cl-C30) 
alkoxyl, branched chain (Cl-C3o)alkoxyl, phosphate, phos 
phonato, cyano, amino, straight chain (C1-C3O)alkylamino, 
branched chain (C3-C3O)alkylamino, straight chain (Cl-C30) 
dialkylamino, branched chain (C3-C3O)dialkylamino, ary 
lamino, diarylamino, straight chain (C l-C3O)alkylarylamino, 
branched chain (C3 -C3O)alkylarylamino, acylamino, straight 
chain (C l-C3O)alkylcarbonylamino, branched chain (C3-C3O) 
alkylcarbonylamino, arylcarbonylamino, carbamoyl, ureido, 
amidino, imino, sulfhydryl, straight chain (C l-C3O)alkylthio, 
branched chain (C3-C3O)alkylthio, arylthio, thiocarboxylate, 
sulfates, sulfonato, sulfamoyl, sulfonamido, nitro, tri?uo 
romethyl, aZido, 4-10 membered heterocyclyl, straight chain 
(Cl-C3O)alkylaryl, branched chain (C3-C3O)alkylaryl, or an 
aromatic or 5-6 membered heteroaromatic moiety, Which 
substituent may be further substituted by any of the above. 

This invention also discloses compounds having the struc 
ture: 

R13 \NH 

N/ 0 fr 
1 I I \ N (CH2)p 

R14 N If \/ 

R15 R16 

Wherein 

Rl3:Alkyl (1-4 carbons); 
Branched alkyl substituted With ‘OH, OR, iNHZ, 
iNRlsRlg, iRzoNOCRzl, R22R23NCOi, carboxyl, 
carbamoyl (iR2ONOCNR22R23), Carbamate 
(iR2ONOCOR), heterocyclic; Cycloalkyl (3-7 mem 
bered); 

Aryl optionally substituted With OH, OR, halogen, NH2, 
NHR; Heterocyclic (e.g. pyridynyl, imidaZole, pyraZole, 
pyrrole); Wherein R is alkyl, cycloalkyl, aryl, heteroaryl, 
susbtituted alkyl, aryl, arylalkyl, or heterocyclic; 

R14 is phenyl, optionally substituted With halogen, OH, 
NH2, OR, NHR or a 5-6 membered heterocyclic ring; 

R15 is H, alkyl, Rl5 joined to R16; 
R16 is H, alkyl, substituted alkyl, aryl; 
X is CHRl7, CR24R25, O or NR; 
R17 is H, alkyl, branched alkyl, substituted alkyl, aryl, 

substituted aryl, arylalkyl, heterocyclic, heterocyclic 
alkyl, OH, OR, NH2, NRlsRlg, *RZONOCRH, 
R22R23NCOi, carboxyl, carbamoyl 
(iR2ONOCNR22R23), carbamate (iRZONOCOR), 
cycloalkyl (3-7 membered); 

R18 and R19 are each independently hydrogen, substituted 
or unsubstituted alkyl or aryl or RISNRl9 together form 
a heterocyclic ring of betWeen 4 and 8 members; 

R20 and R21 are each independently a substituted or unsub 
stituted alkyl, aryl, or alkylaryl moiety; 

R22 and R23 are each independently hydrogen, substituted 
or unsubstituted alkyl, aryl or alkylaryl, or R22NR23 
together form a heterocyclic ring of betWeen 4 and 8 
members; 
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R24 and R25 are each independently hydrogen, substituted 
or unsubstituted alkyl, cycloalkyl, aryl, heterocyclic or 
R24 and R25 together form a 3-7 membered ring system 
or a dioxalane or dioxane ring system; and 

p is 0, 1 or 2. 
The subj ect invention also includes the speci?c compounds 

that are included by Structure III, such as compounds 26.1 
26.79 discussed in the examples. 

The subject invention also includes the speci?c compounds 
that are included by Structure IV, such as compounds 29.1 
29.146 and 34.1-34.155 discussed in the examples. 

The subject invention also includes the speci?c compounds 
that are included by Structure V, such as compounds 36.1 
36.141, 41.1-41.144 and 461-4682 discussed in the 
examples. 

The subject invention also includes the speci?c compounds 
that are included by Structure VI, such as compound 6 dis 
cussed in the examples. 

The subject invention also includes the speci?c compounds 
that are included by Structure VII, such as compounds 24 and 
25 discussed in the examples. 

The subject invention also includes the speci?c compounds 
that are included by StructureVIII, such as compounds 39 and 
44 discussed in the examples. 

The number of carbons When represented as “(C 1 -C3O)” or 
“(C3 -C3O)” is intended to mean any incremental Whole num 
berbetWeen1 and 3 and 30, eg 1, 2, 3, 4, 5 . . . or 30. 

The present invention is based on compounds Which selec 
tively bind to adenosine A21, receptor, thereby treating a dis 
ease associated With A21, adenosine receptor in a subject by 
administering to the subject a therapeutically effective 
amount of such compounds. The diseases to be treated are 
associated With, for example, asthma, mast cell degranula 
tion, myocardial reperfusion injury, allergic reactions includ 
ing but not limited to rhinitis, poison ivy induced responses, 
urticaria, scleroderm arthritis, autoimmune diseases, in?am 
matory boWel diseases, hypertension, myocardial infarction, 
myocardial reperfusion after ischemia, lymphocyte activa 
tion, vasodilation, groWth, neural re?exes in the human gut, 
retinal angio genesis, abberant neovasculariZation such as dia 
betic retinopathy and retinopathy of prematurity, modulation 
of intestinal tone and secretion and neurotransmission and 
neurosecretion. 

A21, receptors have also been implicated in hypersensitiv 
ity, hay fever, serum sickness, allergic vasculitis, atopic der 
matitis, dermatitis, ecZema, idiopathic pulmonary ?brosis, 
eosinophilic chlorecystitis, chronic airWay in?ammation, 
hypereosinophilic syndromes, eosinophilic gastroenteritis, 
edema, eosinophilic myocardial disease, episodic 
angioedema With eosinophilia, ulcerative colitis, allergic 
granulomatosis, carcinomatosis, eosinophilic granuloma, 
familial histiocytosis, tumor, cardiac hypoxia, cerebral 
ischemia, diuresis, renal failure, neurological disorder, men 
tal disorder, cognitive disorder, myocardial ischemia, bron 
choconstriction, Crohn’s disease, Grave’s disease, diabetes, 
multiple sclerosis, anaemia, psoriasis, fertility disorders, 
lupus erthyematosus, brain arteriole diameter, the release of 
allergic mediators, scleroderma, stroke, global ischemia, cen 
tral nervous system disorder, cardiovascular disorder, renal 
disorder, in?ammatory disorder, gastrointestinal disorder, 
eye disorder, allergic disorder, respiratory disorder, or immu 
nological disorder. 

The invention further pertains to methods for treating A21, 
associated disorders in a mammal by administering to the 
mammal a therapeutically effective amount of the com 
pounds of the present invention, such that treatment of the 
disorder in the mammal occurs. 
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18 
The invention further pertains to methods for treating A21, 

associated disorders in a mammal by administering to the 
mammal a therapeutically effective amount of the com 
pounds of the present invention, such that treatment of the 
disorder in the mammal occurs. 
The present invention also pertains to packaged pharma 

ceutical compositions for treating A21, associated disorders. 
The packaged pharmaceutical composition includes a con 
tainer holding a therapeutically effective amount of at least 
one of the compounds of the present invention and instruc 
tions for using the said compounds for treating an A21, asso 
ciated disease. 
The compounds of this invention may advantageously be 

selective A21, receptor antagonists. 
In a particularly preferred embodiment, the compound is a 

Water soluble prodrug that is capable of being metaboliZed in 
vivo to an active drug by, for example, esterase catalyZed 
hydrolysis. 

In yet another embodiment, the invention features a 
method for inhibiting the activity of an adenosine receptor 
(e.g., A21) in a cell, by contacting the cell With a compound of 
the present invention (e. g., preferably, an adenosine receptor 
antagonist). 
The invention also features a pharmaceutical composition 

comprising a compound of the present invention. Preferably, 
the pharmaceutical preparation is an ophthalmic formulation 
(e.g., an periocular, retrobulbar or intraocular injection for 
mulation, a systemic formulation, or a surgical irrigating 
solution). 
The present invention pertains to methods for treating an 

A21, associated disorder in a mammal. The methods include 
administration of a therapeutically effective amount of the 
compounds of the invention, described infra, to the mammal, 
such that treatment of the A2 b associated disorder in the mam 
mal occurs. 

The language “treatment of an A21, associated disorder” 
refers to treatment Which includes a signi?cant diminishment 
of at least one symptom or effect of the disorder achieved With 
a compound of the invention. Typically such disorders are 
associated With an increase of adenosine Within a host such 
that the host often experiences physiological symptoms 
Which include, but are not limited to, urticaria, scleroderm 
arthritis, allergic rhinitis, asthma, in?ammatory boWel dis 
eases, hypertension, diabetic retinopathy and retinopathy of 
prematurity. (See for example, C. E. Muller and B. Stein 
“Adenosine Receptor Antagonists: Structures and Potential 
Therapeutic Applications,” Current Pharmaceutical Design, 
2:501 (1996) and C. E. Muller “Al-Adenosine Receptor 
Antagonists,” Exp. Opin. Ther Patents 7(5):419 (1997) andI. 
Feoktistove, R. Polosa, S. T. Holgate and I. Biaggioni 
“Adenosine A25 receptors: a novel therapeutic target in 
asthma?” TiPS 19; 148 (1998)). The effects often associated 
With such symptoms include, but are not limited to, fever, 
shortness of breath, nausea, diarrhea, Weakness, headache, 
and even death. In one embodiment, the disorder includes 
those disease states Which are mediated by stimulation of 
adenosine receptors, e.g., A1, A20, A2b, A3, etc., such that 
calcium concentrations in cells and/or activation of PLC 
(phospholipase C) is modulated. In a preferred embodiment, 
the disorder is associated With adenosine receptor(s), e.g., the 
compound of the invention acts as an antagonist. Examples of 
suitable responsive states Which can be treated by the com 
pounds of the invention, e.g., adenosine receptor subtypes 
Which mediate biological effects, include central nervous 
system (CNS) effects, cardiovascular effects, renal effects, 
respiratory effects, immunological effects, gastro-intestinal 
effects and metabolic effects. The relative amount of adenos 
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ine in a subject can be associated With the effects listedbeloW; 
that is increased levels of adenosine can trigger an effect, e.g., 
an undesired physiological response, e.g., an asthmatic 
attack. 

Immunological effects include mast cell degranulation 
(AZb). Therapeutic applications of antagonists include aller 
gic and non allergic in?ammation, e.g., release of histamine 
and other in?ammatory mediators. 

Gastrointestinal effects include colonic, intestinal and diar 
rheal disease, e.g., diarrheal disease associated With intestinal 
in?ammation (A2,). 

The term “disease state” is intended to include those con 
ditions caused by or associated With unWanted levels of 
adenosine, adenylyl cyclase activity, increased physiological 
activity associated With aberrant stimulation of adenosine 
receptors and/or an increase in cAMP. In one embodiment, 
the disease state is, for example, asthma, chronic obstructive 
pulmonary disease, allergic rhinitis, bronchitis, renal disor 
ders, gastrointestinal disorders, or eye disorders. Additional 
examples include chronic bronchitis and cystic ?brosis. Suit 
able examples of in?ammatory diseases include non-lympho 
cytic leukemia, myocardial ischaemia, angina, infarction, 
cerebrovascular ischaemia, intermittent claudication, critical 
limb ischemia, venous hypertension, varicose veins, venous 
ulceration and arteriosclerosis. Impaired reperfusion states 
include, for example, any po st- surgical trauma, such as recon 
structive surgery, thrombolysis or angioplasty. 

This invention also provides a combination therapy for 
glaucoma, comprising one of the compounds of the invention, 
and a prostagladin agonist, beta-2 agonist, or a muscarinic 
antagonist. 

The language “treating an A21, associated disorder” or 
“treating an A21, associated disease” is intended to include 
changes in a disease state or condition, as described above, 
such that physiological symptoms in a mammal can be sig 
ni?cantly diminished or minimiZed. The language also 
includes control, prevention or inhibition of physiological 
symptoms or effects associated With an aberrant amount of 
adenosine. In one preferred embodiment, the control of the 
disease state or condition is such that the disease state or 
condition is eradicated. In another preferred embodiment, the 
control is selective such that aberrant levels of adenosine 
receptor activity are controlled While other physiologic sys 
tems and parameters are unaffected. 

The language “therapeutically effective amount” of the 
compounds of the invention, described infra, refers to that 
amount of a therapeutic compound necessary or su?icient to 
perform its intended function Within a mammal, e.g., treat an 
A21, associated disorder, or a disease state in a mammal. An 
effective amount of the therapeutic compound can vary 
according to factors such as the amount of the causative agent 
already present in the mammal, the age, sex, and Weight of the 
mammal, and the ability of the therapeutic compounds of the 
present invention to affect the A21, associated disorder in the 
mammal. One of ordinary skill in the art Would be able to 
study the aforementioned factors and make a determination 
regarding the effective amount of the therapeutic compound 
Without undue experimentation. 
An in vitro or in vivo assay also can be used to determine an 

“effective amount” of the therapeutic compounds described 
infra. The ordinarily skilled artisan Would select an appropri 
ate amount of the therapeutic compound for use in the afore 
mentioned assay or as a therapeutic treatment. 
A therapeutically effective amount preferably diminishes 

at least one symptom or effect associated With the A21, asso 
ciated disorder being treated by at least about 20%, (more 
preferably by at least about 40%, even more preferably by at 
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least about 60%, and still more preferably by at least about 
80%) relative to untreated subjects. Assays can be designed 
by one skilled in the art to measure the diminishment of such 
symptoms and/or effects. Any art recogniZed assay capable of 
measuring suchparameters are intended to be included as part 
of this invention. For example, if asthma is the state being 
treated, then the volume of air expended from the lungs of a 
subject can be measured before and after treatment for mea 
surement of increase in the volume using an art recogniZed 
technique. LikeWise, if in?ammation is the state being 
treated, then the area Which is in?amed can be measured 
before and after treatment for measurement of diminishment 
in the area in?amed using an art recogniZed technique. 
The term “cell” includes both prokaryotic and eukaryotic 

cells. 
The term “animal” includes any organism With adenosine 

receptors. Examples of animals include yeast, mammals, rep 
tiles, and birds. It also includes transgenic animals. 
The term “mammal” is art recogniZed and is intended to 

include an animal, more preferably a Warm-blooded animal, 
most preferably cattle, sheep, pigs, horses, dogs, cats, rats, 
mice, and humans. Mammals susceptible to A21, associated 
disorders responsive state, in?ammation, emphysema, 
asthma, central nervous system conditions, or acute respira 
tory distress syndrome, for example, are included as part of 
this invention. 

In another aspect, the present invention pertains to methods 
for modulating an adenosine receptor(s) in a mammal by 
administering to the mammal a therapeutically effective 
amount of the compounds of the invention, such that modu 
lation of the adenosine receptor in the mammal occurs. Suit 
able adenosine receptors include the families of Al , A2, orA3. 
In a preferred embodiment, the compound is an adenosine 
receptor antagonist. 
The language “modulating an adenosine receptor” is 

intended to include those instances Where a compound inter 
acts With an adenosine receptor(s), causing increased, 
decreased or abnormal physiological activity associated With 
an adenosine receptor or subsequent cascade effects resulting 
from the modulation of the adenosine receptor. Physiological 
activities associated With adenosine receptors include induc 
tion of sedation, vasodilation, suppression of cardiac rate and 
contractility, inhibition of platelet aggregbility, stimulation of 
gluconeogenesis, inhibition of lipolysis, opening of potas 
sium channels, reducing ?ux of calcium channels, etc. 
The terms “modulate”, “modulating” and “modulation” 

are intended to include preventing, eradicating, or inhibiting 
the resulting increase of undesired physiological activity 
associated With abnormal stimulation of an adenosine recep 
tor, e. g., in the context of the therapeutic methods of the 
invention. In another embodiment, the term modulate 
includes antagonistic effects, e.g., diminishment of the activ 
ity or production of mediators of allergy and allergic in?am 
mation Which results from the overstimulation of adenosine 
receptor(s). For example, the therapeutic deaZapurines of the 
invention can interact With an adenosine receptor to inhibit, 
for example, adenylate cyclase activity. 
The language “condition characterized by aberrant adenos 

ine receptor activity” is intended to include those diseases, 
disorders or conditions Which are associated With aberrant 
stimulation of an adeno sine receptor, in that the stimulation of 
the receptor causes a biochemical and or physiological chain 
of events that is directly or indirectly associated With the 
disease, disorder or condition. This stimulation of an adenos 
ine receptor does not have to be the sole causative agent of the 
disease, disorder or condition but merely be responsible for 
causing some of the symptoms typically associated With the 
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disease, disorder, or condition being treated. The aberrant 
stimulation of the receptor can be the sole factor or at least one 
other agent can be involved in the state being treated. 
Examples of conditions include those disease states listed 
supra, and those symptoms manifested by the presence of 
increased adenosine receptor activity. 

The language “treating or treatment of a condition charac 
teriZed by aberrant adenosine receptor activity” is intended to 
include the alleviation of or diminishment of at least one 
symptom typically associated With the condition. The treat 
ment also includes alleviation or diminishment of more than 
one symptom. Preferably, the treatment cures, e.g., substan 
tially eliminates, the symptoms associated With the condition. 

The invention further pertains to a method for inhibiting 
the activity of an adenosine receptor (e.g., an A21, adenosine 
receptor) in a cell by contacting the cell With a compound of 
the invention. Preferably, the compound is an antagonist of 
the receptor. 

In another embodiment, the invention relates to a pharma 
ceutical composition containing a compound of the invention 
and a pharmaceutically acceptable carrier. 

The invention also pertains to a method for treating an A21, 
associated disease in an animal, by administering to a mam 
mal a therapeutically effective amount of a compound of the 
invention, such that treatment of the A21, associated disorder 
occurs. Advantageously, the disease state may be a disorder 
mediated by adenosine. Examples of preferred disease states 
include: central nervous system disorders, cardiovascular dis 
orders, renal disorders, in?ammatory disorders, allergic dis 
orders, gastrointestinal disorders, eye disorders, and respira 
tory disorders. 

The term “alkyl” refers to the radical of saturated aliphatic 
groups, including straight-chain alkyl groups, branched 
chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl sub 
stituted cycloalkyl groups, and cycloalkyl substituted alkyl 
groups. In preferred embodiments, a straight chain or 
branched chain alkyl has 30 or feWer carbon atoms in its 
backbone (e.g., Cl-C3O for straight chain, C3-C3O for 
branched chain), and more preferably 20 or feWer. Likewise, 
preferred cycloalkyls have from 4-10 carbon atoms in their 
ring structure, and more preferably have 5, 6 or 7 carbons in 
the ring structure. 

The term “substituted alkyls” refers to alkyl moieties hav 
ing substituents replacing a hydrogen on one or more carbons 
of the hydrocarbon backbone. Such sub stituents can include, 
for example, halogen, hydroxyl, alkylcarbonyloxy, arylcar 
bonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phos 
phinato, cyano, amino (including alkyl amino, dialkylamino, 
arylamino, diarylamino, and alkylarylamino), acylamino (in 
cluding alkylcarbonylamino, arylcarbonylamino, carbamoyl 
and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, 
thiocarboxylate, sulfates, sulfonato, sulfamoyl, sulfonamido, 
nitro, tri?uoromethyl, cyano, aZido, heterocyclyl, alkylaryl, 
or an aromatic or heteroaromatic moiety. It Will be understood 
by those skilled in the art that the moieties substituted on the 
hydrocarbon chain can themselves be substituted, if appro 
priate. Cycloalkyls can be further substituted, e.g., With the 
substituents described above. An “alkylaryl” moiety is an 
alkyl substituted With an aryl (e.g., phenylmethyl (benZyl)). 
The term “alkyl” also includes unsaturated aliphatic groups 
analogous in length and possible substitution to the alkyls 
described above, but that contain at least one double or triple 
bond respectively. 

The term “aryl” as used herein, refers to the radical of aryl 
groups, including 5- and 6-membered single-ring aromatic 
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groups that may include from Zero to four heteroatoms, for 
example, benZene, pyrrole, furan, thiophene, imidaZole, ben 
ZoxaZole, benZothiaZole, triaZole, tetraZole, pyraZole, pyri 
dine, pyraZine, pyridaZine and pyrimidine, and the like. Aryl 
groups also include polycyclic fused aromatic groups such as 
naphthyl, quinolyl, indolyl, and the like. Those aryl groups 
having heteroatoms in the ring structure may also be referred 
to as “aryl heterocycles”, “heteroaryls” or “heteroaromatics”. 
The aromatic ring can be substituted at one or more ring 
positions With such substituents as described above, as for 
example, halogen, hydroxyl, alkoxy, alkylcarbonyloxy, aryl 
carbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylthiocarbonyl, phosphate, phosphonato, phosphinato, 
cyano, amino (including alkyl amino, dialkylamino, ary 
lamino, diarylamino, and alkylarylamino), acylamino (in 
cluding alkylcarbonylamino, arylcarbonylamino, carbamoyl 
and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, 
thiocarboxylate, sulfates, sulfonato, sulfamoyl, sulfonamido, 
nitro, tri?uoromethyl, cyano, aZido, heterocyclyl, alkylaryl, 
or an aromatic or heteroaromatic moiety. Aryl groups can also 
be fused or bridged With alicyclic or heterocyclic rings Which 
are not aromatic so as to form a polycycle (e.g., tetralin). 

The terms “alkenyl” and “alkynyl” refer to unsaturated 
aliphatic groups analogous in length and possible substitution 
to the alkyls described above, but that contain at least one 
double or triple bond respectively. For example, the invention 
contemplates cyano and propargyl groups. 

Unless the number of carbons is otherWise speci?ed, 
“loWer alkyl” as used herein means an alkyl group, as de?ned 
above, but having from one to ten carbons, more preferably 
from one to six carbon atoms in its backbone structure, even 
more preferably one to three carbon atoms in its backbone 
structure. LikeWise, “loWer alkenyl” and “loWer alkynyl” 
have similar chain lengths. 
The terms “alkoxyalkyl”, “polyaminoalkyl” and “thio 

alkoxyalkyl” refer to alkyl groups, as described above, Which 
further include oxygen, nitrogen or sulfur atoms replacing 
one or more carbons of the hydrocarbon backbone, e.g., oxy 
gen, nitrogen or sulfur atoms. 

The terms “polycyclyl” or “polycyclic radical” refer to the 
radical of tWo or more cyclic rings (e.g., cycloalkyls, 
cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in 
Which tWo or more atoms are common to tWo adjoining rings, 
e.g., the rings are “fused rings”. Rings that are joined through 
non-adjacent atoms are termed “bridged” rings. Each of the 
rings of the polycycle can be substituted With such substitu 
ents as described above, as for example, halogen, hydroxyl, 
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, ary 
loxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbo 
nyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, 
phosphonato, phosphinato, cyano, amino (including alkyl 
amino, dialkylamino, arylamino, diarylamino, and alkylary 
lamino), acylamino (including alkylcarbonylamino, arylcar 
bonylamino, carbamoyl and ureido), amidino, imino, sulfhy 
dryl, alkylthio, arylthio, thiocarboxylate, sulfates, sulfonato, 
sulfamoyl, sulfonamido, nitro, tri?uoromethyl, cyano, aZido, 
heterocyclyl, alkyl, alkylaryl, or an aromatic or heteroaro 
matic moiety. 
The term “heteroatom” as used herein means an atom of 

any element other than carbon or hydrogen. Preferred het 
eroatoms are nitrogen, oxygen, sulfur and phosphorus. 

The term “heterocycle” or “heterocyclic system” as used 
herein is intended to mean a stable 5, 6 or 7-membered mono 
cyclic or 7, 8, 9, 10 or 1 l -memberedbicyclic heterocyclic ring 
Which is saturated or partially unsaturated. 
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The terms “carbocyclic” or “heterocyclic” further include 
spiro compounds, Which denote a bicyclic compound in 
Which the tWo rings have one atom in common and the atom 
may be carbon or a heteroatom. 

The term “amino acids” includes naturally and unnaturally 
occurring amino acids found in proteins such as glycine, 
alanine, valine, cysteine, leucine, isoleucine, serine, threo 
nine, methionine, glutamic acid, aspartic acid, glutamine, 
asparagine, lysine, arginine, proline, histidine, phenylala 
nine, tyrosine, and tryptophan. Amino acid analogs include 
amino acids With lengthened or shortened side chains or 
variant side chains With appropriate functional groups. 
Amino acids also include D and L stereoisomers of an amino 
acid When the structure of the amino acid admits of stereoi 
someric forms. The term “dipeptide” includes tWo or more 
amino acids linked together. Preferably, dipeptides are tWo 
amino acids linked via a peptide linkage. Particularly pre 
ferred dipeptides include, for example, alanine-alanine and 
glycine-alanine. 

It Will be noted that the structure of some of the compounds 
of this invention includes asymmetric carbon atoms and thus 
occur as racemates and racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers. All 
such isomeric forms of these compounds are expressly 
included in this invention. Each stereogenic carbon may be of 
the R or S con?guration. It is to be understood accordingly 
that the isomers arising from such asymmetry (e.g., all enan 
tiomers and diastereomers) are included Within the scope of 
this invention, unless indicated otherWise. Each speci?c iso 
mer can be obtained in substantially pure form by classical 
separation techniques and/ or by stereochemically controlled 
synthesis. 
The invention further pertains to pharmaceutical composi 

tions for treating A21, associated disorders in a mammal. The 
pharmaceutical composition includes a therapeutically effec 
tive amount of a compound of the invention and a pharma 
ceutically acceptable carrier. It is to be understood, that all of 
the compounds described beloW are included for therapeutic 
treatment. It is to be further understood that the compounds of 
the invention can be used alone or in combination With other 
compounds of the invention or in combination With additional 
therapeutic compounds, such as antibiotics, antiin?ammato 
ries, or anticancer agents, for example. 

The term “antibiotic” is art recognized and is intended to 
include those substances produced by groWing microorgan 
isms and synthetic derivatives thereof, Which eliminate or 
inhibit groWth of pathogens and are selectively toxic to the 
pathogen While producing minimal or no deleterious effects 
upon the infected host subject. Suitable examples of antibi 
otics include, but are not limited to, the principle classes of 
aminoglycosides, cephalosporins, chloramphenicols, fus 
cidic acids, macrolides, penicillins, polymixins, tetracyclines 
and streptomycins. 

The term “antiin?ammatory” is art recognized and is 
intended to include those agents Which act on body mecha 
nisms, Without directly antagonizing the causative agent of 
the in?ammation such as glucocorticoids, aspirin, ibuprofen, 
NSAIDS, etc. 

The term “anticancer agent” is art recognized and is 
intended to include those agents Which diminish, eradicate, or 
prevent groWth of cancer cells Without, preferably, adversely 
affecting other physiological functions. Representative 
examples include cisplatin and cyclophosphamide. 

The term “cancer” as used herein is intended to mean a 
cellular malignancy Whose unique traitiloss of normal con 
trolsiresults in unregulated groWth, lack of differentiation, 
and ability to invade local tissues and metastasize. The pres 
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24 
ence of a cellular malignancy is often indicated by the pres 
ence of a tumor. Local tissue invasion can result from local 
tumor pressure on normal tissues that can lead to in?amma 
tion, or the tumor may elaborate substances that lead to enzy 
matic destruction. 
When the compounds of the present invention are admin 

istered as pharmaceuticals, to humans and mammals, they 
can be given per se or as a pharmaceutical composition con 
taining, for example, 0.1 to 99.5% (more preferably, 0.5 to 
90%) of active ingredient in combination With a pharmaceu 
tically acceptable carrier. 
The phrase “pharmaceutically acceptable carrier” as used 

herein means a pharrnaceutically acceptable material, com 
position or vehicle, such as a liquid or solid ?ller, diluent, 
excipient, solvent or encapsulating material, involved in car 
rying or transporting a compound(s) of the present invention 
Within or to the subject such that it can performs its intended 
function. Typically, such compounds are carried or trans 
ported from one organ, or portion of the body, to another 
organ, or portion of the body. Each carrier must be “accept 
able” in the sense of being compatible With the other ingre 
dients of the formulation and not injurious to the patient. 
Some examples of materials Which can serve as pharmaceu 
tically acceptable carriers include: sugars, such as lactose, 
glucose and sucrose; starches, such as corn starch and potato 
starch; cellulose, and its derivatives, such as sodium car 
boxymethyl cellulose, ethyl cellulose and cellulose acetate; 
poWdered tragacanth; malt; gelatin; talc; excipients, such as 
cocoa butter and suppository Waxes; oils, such as peanut oil, 
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and 
soybean oil; glycols, such as propylene glycol; polyols, such 
as glycerin, sorbitol, mannitol and polyethylene glycol; 
esters, such as ethyl oleate and ethyl laurate; agar; buffering 
agents, such as magnesium hydroxide and aluminum hydrox 
ide; alginic acid; pyrogen-free Water; isotonic saline; Ring 
er’s solution; ethyl alcohol; phosphate buffer solutions; and 
other non-toxic compatible substances employed in pharma 
ceutical formulations. 
As set out above, certain embodiments of the present com 

pounds can contain a basic functional group, such as amino or 
alkylamino, and are, thus, capable of forming pharmaceuti 
cally acceptable salts With pharrnaceutically acceptable 
acids. The term “pharmaceutically acceptable salts” in this 
respect, refers to the relatively non-toxic, inorganic and 
organic acid addition salts of compounds of the present inven 
tion. These salts can be prepared in situ during the ?nal 
isolation and puri?cation of the compounds of the invention, 
or by separately reacting a puri?ed compound of the inven 
tion in its free base form With a suitable organic or inorganic 
acid, and isolating the salt thus formed. Representative salts 
include the hydrobromide, hydrochloride, sulfate, bisulfate, 
phosphate, nitrate, acetate, valerate, oleate, palmitate, stear 
ate, laurate, benzoate, lactate, phosphate, tosylate, citrate, 
maleate, fumarate, succinate, tartrate, napthylate, mesylate, 
glucoheptonate, lactobionate, and laurylsulphonate salts and 
the like. (See, e.g., Berge et al. (1977) “Pharmaceutical 
Salts”, J. Pharm. Sci. 6611-19). 

In other cases, the compounds of the present invention may 
contain one or more acidic functional groups and, thus, are 
capable of forming pharrnaceutically acceptable salts With 
pharrnaceutically acceptable bases. The term “pharmaceuti 
cally acceptable salts” in these instances refers to the rela 
tively non-toxic, inorganic and organic base addition salts of 
compounds of the present invention. These salts can likeWise 
be prepared in situ during the ?nal isolation and puri?cation 
of the compounds, or by separately reacting the puri?ed com 
pound in its free acid form With a suitable base, such as the 
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hydroxide, carbonate or bicarbonate of a pharmaceutically 
acceptable metal cation, With ammonia, or With a pharmaceu 
tically acceptable organic primary, secondary or tertiary 
amine. Representative alkali or alkaline earth salts include the 
lithium, sodium, potassium, calcium, magnesium, and alumi 
num salts and the like. Representative organic amines useful 
for the formation of base addition salts include ethylamine, 
diethylamine, ethylenediamine, ethanolamine, diethanola 
mine, piperaZine and the like. 

The term “pharmaceutically acceptable esters” refers to the 
relatively non-toxic, esteri?ed products of the compounds of 
the present invention. These esters can be prepared in situ 
during the ?nal isolation and puri?cation of the compounds, 
or by separately reacting the puri?ed compound in its free 
acid form or hydroxyl With a suitable esterifying agent. Car 
boxylic acids can be converted into esters via treatment With 
an alcohol in the presence of a catalyst. Hydroxyl containing 
derivatives can be converted into esters via treatment With an 
esterifying agent such as alkanoyl halides. The term is further 
intended to include loWer hydrocarbon groups capable of 
being solvated under physiological conditions, e. g., alkyl 
esters, methyl, ethyl and propyl esters. (See, for example, 
Berge et al., supra.) 

The invention further contemplates the use of prodrugs 
Which are converted in vivo to the therapeutic compounds of 
the invention (see, e.g., R. B. Silverman, 1992, “The Organic 
Chemistry of Drug Design and Drug Action”, Academic 
Press, Chapter 8). Such prodrugs can be used to alter the 
biodistribution (e.g., to alloW compounds Which Would not 
typically enter the reactive site of the protease) or the phar 
macokinetics of the therapeutic compound. For example, a 
carboxylic acid group, can be esteri?ed, e.g., With a methyl 
group or an ethyl group to yield an ester. When the ester is 
administered to a subject, the ester is cleaved, enZymatically 
or non-enZymatically, reductively or hydrolytically, to reveal 
the anionic group. An anionic group can be esteri?ed With 
moieties (e.g., acyloxymethyl esters) Which are cleaved to 
reveal an intermediate compound Which subsequently 
decomposes to yield the active compound. In another 
embodiment, the prodrug is a reduced form of a sulfate or 
sulfonate, e.g., a thiol, Which is oxidiZed in vivo to the thera 
peutic compound. Furthermore, an anionic moiety can be 
esteri?ed to a group Which is actively transported in vivo, or 
Which is selectively taken up by target organs. The ester can 
be selected to alloW speci?c targeting of the therapeutic moi 
eties to particular reactive sites, as described beloW for carrier 
moieties. 

The compounds of the invention may comprise Water 
soluble prodrugs Which are described in WO 99/33815, Inter 
national Application No. PCT/US98/04595, ?led Mar. 9, 
1998 and published Jul. 8, 1999. The entire content of WO 
99/33815 is expressly incorporated herein by reference. The 
Water-soluble prodrugs are metaboliZed in vivo to an active 
drug, e.g., by esterase catalyZed hydrolysis. 

Wetting agents, emulsi?ers and lubricants, such as sodium 
lauryl sulfate and magnesium stearate, as Well as coloring 
agents, release agents, coating agents, sWeetening, ?avoring 
and perfuming agents, preservatives and antioxidants can 
also be present in the compositions. 

Examples of pharmaceutically acceptable antioxidants 
include: Water soluble antioxidants, such as ascorbic acid, 
cysteine hydrochloride, sodium bisulfate, sodium met 
abisul?te, sodium sul?te and the like; oil-soluble antioxi 
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 
gallate, alpha-tocopherol, and the like; and metal chelating 
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agents, such as citric acid, ethylenediamine tetraacetic acid 
(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. 

Formulations of the present invention include those suit 
able for oral, nasal, topical, transderrnal, buccal, sublingual, 
rectal, vaginal and/ or parenteral administration. The formu 
lations may conveniently be presented in unit dosage form 
and may be prepared by any methods Well knoWn in the art of 
pharmacy. The amount of active ingredient Which can be 
combined With a carrier material to produce a single dosage 
form Will generally be that amount of the compound Which 
produces a therapeutic effect. Generally, out of one hundred 
percent, this amount Will range from about 1 percent to about 
ninety-nine percent of active ingredient, preferably from 
about 5 percent to about 70 percent, most preferably from 
about 10 percent to about 30 percent. 

Methods of preparing these formulations or compositions 
include the step of bringing into association a compound of 
the present invention With the carrier and, optionally, one or 
more accessory ingredients. In general, the formulations are 
prepared by uniformly and intimately bringing into associa 
tion a compound of the present invention With liquid carriers, 
or ?nely divided solid carriers, or both, and then, if neces sary, 
shaping the product. 

Formulations of the invention suitable for oral administra 
tion may be in the form of capsules, cachets, pills, tablets, 
loZenges (using a ?avored basis, usually sucrose and acacia or 
tragacanth), poWders, granules, or as a solution or a suspen 
sion in an aqueous or non-aqueous liquid, or as an oil-in 
Water or Water-in-oil liquid emulsion, or as an elixir or syrup, 
or as pastilles (using an inert base, such as gelatin and glyc 
erin, or sucrose and acacia) and/or as mouth Washes and the 
like, each containing a predetermined amount of a compound 
of the present invention as an active ingredient. A compound 
of the present invention may also be administered as a bolus, 
electuary or paste. 

In solid dosage forms of the invention for oral administra 
tion (capsules, tablets, pills, dragees, poWders, granules and 
the like), the active ingredient is mixed With one or more 
pharmaceutically acceptable carriers, such as sodium citrate 
or dicalcium phosphate, and/ or any of the folloWing: ?llers or 
extenders, such as starches, lactose, sucrose, glucose, manni 
tol, and/or silicic acid; binders, such as, for example, car 
boxymethylcellulose, alginates, gelatin, polyvinyl pyrroli 
done, sucrose and/or acacia; humectants, such as glycerol; 
disintegrating agents, such as agar-agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain silicates, and 
sodium carbonate; solution retarding agents, such as paraf?n; 
absorption accelerators, such as quaternary ammonium com 
pounds; Wetting agents, such as, for example, acetyl alcohol 
and glycerol monostearate; absorbents, such as kaolin and 
bentonite clay; lubricants, such a talc, calcium stearate, mag 
nesium stearate, solid polyethylene glycols, sodium lauryl 
sulfate, and mixtures thereof; and coloring agents. In the case 
of capsules, tablets and pills, the pharmaceutical composi 
tions may also comprise buffering agents. Solid compositions 
of a similar type may also be employed as ?llers in soft and 
hard-?lled gelatin capsules using such excipients as lactose or 
milk sugars, as Well as high molecular Weight polyethylene 
glycols and the like. 
A tablet may be made by compression or molding, option 

ally With one or more accessory ingredients. Compressed 
tablets may be prepared using binder (for example, gelatin or 
hydroxypropylmethyl cellulose), lubricant, inert diluent, pre 
servative, disintegrant (for example, sodium starch glycolate 
or cross-linked sodium carboxymethyl cellulose), surface 
active or dispersing agent. Molded tablets may be made by 
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molding in a suitable machine a mixture of the powdered 
compound moistened With an inert liquid diluent. 

The tablets, and other solid dosage forms of the pharma 
ceutical compositions of the present invention, such as drag 
ees, capsules, pills and granules, may optionally be scored or 
prepared With coatings and shells, such as enteric coatings 
and other coatings Well knoWn in the pharmaceutical-formu 
lating art. They may also be formulated so as to provide sloW 
or controlled release of the active ingredient therein using, for 
example, hydroxypropylmethyl cellulose in varying propor 
tions to provide the desired release pro?le, other polymer 
matrices, liposomes and/or microspheres. They may be ster 
iliZed by, for example, ?ltration through a bacteria-retaining 
?lter, or by incorporating steriliZing agents in the form of 
sterile solid compositions Which can be dissolved in sterile 
Water, or some other sterile injectable medium immediately 
before use. These compositions may also optionally contain 
opacifying agents and may be of a composition that they 
release the active ingredient(s) only, or preferentially, in a 
certain portion of the gastrointestinal tract, optionally, in a 
delayed manner. Examples of embedding compositions 
Which can be used include polymeric substances and Waxes. 
The active ingredient can also be in micro-encap sulated form, 
if appropriate, With one or more of the above-described 
excipients. 

Liquid dosage forms for oral administration of the com 
pounds of the invention include pharmaceutically acceptable 
emulsions, microemulsions, solutions, suspensions, syrups 
and elixirs. In addition to the active ingredient, the liquid 
dosage forms may contain inert dilutents commonly used in 
the art, such as, for example, Water or other solvents, solubi 
liZing agents and emulsi?ers, such as ethyl alcohol, isopropyl 
alcohol, ethyl carbonate, ethyl acetate, benZyl alcohol, benZyl 
benZoate, propylene glycol, 1,3-butylene glycol, oils (in par 
ticular, cottonseed, groundnut, corn, germ, olive, castor and 
sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene 
glycols and fatty acid esters of sorbitan, and mixtures thereof. 

Besides inert dilutents, the oral compositions can also 
include adjuvants such as Wetting agents, emulsifying and 
suspending agents, sWeetening, ?avoring, coloring, perfum 
ing and preservative agents. 

Suspensions, in addition to the active compounds, may 
contain suspending agents as, for example, ethoxylated isos 
tearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bento 
nite, agar-agar and tragacanth, and mixtures thereof. 

Formulations of the pharmaceutical compositions of the 
invention for rectal or vaginal administration may be pre 
sented as a suppository, Which may be prepared by mixing 
one or more compounds of the invention With one or more 

suitable nonirritating excipients or carriers comprising, for 
example, cocoa butter, polyethylene glycol, a suppository 
Wax or a salicylate, and Which is solid at room temperature, 
but liquid at body temperature and, therefore, Will melt in the 
rectum or vaginal cavity and release the active compound. 

Formulations of the present invention Which are suitable 
for vaginal administration also include pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing 
such carriers as are knoWn in the art to be appropriate. 

Dosage forms for the topical or transdermal administration 
of a compound of this invention include poWders, sprays, 
ointments, pastes, creams, lotions, gels, solutions, patches 
and inhalants. The active compound may be mixed under 
sterile conditions With a pharmaceutically acceptable carrier, 
and With any preservatives, buffers, or propellants Which may 
be required. 
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The ointments, pastes, creams and gels may contain, in 

addition to an active compound of this invention, excipients, 
such as animal and vegetable fats, oils, Waxes, paraf?ns, 
starch, tragacanth, cellulose derivatives, polyethylene gly 
cols, silicones, bentonites, silicic acid, talc and Zinc oxide, or 
mixtures thereof. 

PoWders and sprays can contain, in addition to a compound 
of this invention, excipients such as lactose, talc, silicic acid, 
aluminum hydroxide, calcium silicates and polyamide poW 
der, or mixtures of these substances. Sprays can additionally 
contain customary propellants, such as chloro?uorohydro 
carbons and volatile unsubstituted hydrocarbons, such as 
butane and propane. 

Transdermal patches have the added advantage of provid 
ing controlled delivery of a compound of the present inven 
tion to the body. Such dosage forms can be made by dissolv 
ing or dispersing the compound in the proper medium. 
Absorption enhancers can also be used to increase the ?ux of 
the compound across the skin. The rate of such ?ux can be 
controlled by either providing a rate controlling membrane or 
dispersing the active compound in a polymer matrix or gel. 

Ophthalmic formulations, eye ointments, poWders, solu 
tions and the like, are also contemplated as being Within the 
scope of this invention. Preferably, the pharmaceutical prepa 
ration is an ophthalmic formulation (e.g., an periocular, ret 
robulbar or intraocular injection formulation, a systemic for 
mulation, or a surgical irrigating solution). 
The ophthalmic formulations of the present invention may 

include one or more of the compounds of the invention and a 
pharmaceutically acceptable vehicle. Various types of 
vehicles may be used. The vehicles Will generally be aqueous 
in nature. Aqueous solutions are generally preferred, based on 
case of formulation, as Well as a patient’s ability to easily 
administer such compositions by means of instilling one to 
tWo drops of the solutions in the affected eyes. HoWever, the 
deaZapurines of the present invention may also be readily 
incorporated into other types of compositions, such as sus 
pensions, viscous or semi-viscous gels or other types of solid 
or semi-solid compositions. The ophthalmic compositions of 
the present invention may also include various other ingredi 
ents, such as buffers, preservatives, co-solvents and viscosity 
building agents. 
An appropriate buffer system (e.g., sodium phosphate, 

sodium acetate or sodium borate) may be added to prevent pH 
drift under storage conditions. 

Ophthalmic products are typically packaged in multidose 
form. Preservatives are thus required to prevent microbial 
contamination during use. Suitable preservatives include: 
benZalkonium chloride, thimerosal, chlorobutanol, methyl 
paraben, propyl paraben, phenylethyl alcohol, edetate diso 
dium, sorbic acid, polyquatemium-l, or other agents knoWn 
to those skilled in the art. Such preservatives are typically 
employed at a level of from 0.001 to 1.0% Weight/volume (“% 
W/v”). 
When the compounds of the present invention are admin 

istered during intraocular surgical procedures, such as 
through retrobulbar or periocular injection and intraocular 
perfusion or injection, the use of balanced salt irrigating solu 
tions as vehicles are most preferred. BSS® Sterile lrrigating 
Solution and BSS Plus® Sterile lntraocular lrrigating Solu 
tion (Alcon Laboratories, Inc., Fort Worth, Tex., USA) are 
examples of physiologically balanced intraocular irrigating 
solutions. The latter type of solution is described in US. Pat. 
No. 4,550,022 (Garabedian, et al.), the entire contents of 
Which are hereby incorporated in the present speci?cation by 
reference. Retrobulbar and periocular injections are knoWn to 
those skilled in the art and are described in numerous publi 
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cations including, for example, Ophthalmic Surgery: Prin 
ciples of Practice, Ed., G. L. Spaeth. W. B. Sanders Co., 
Philadelphia, Pa., U.S.A., pages 85-87 (1990). 
As indicated above, use of the compounds of the present 

invention to prevent or reduce damage to retinal and optic 
nerve head tissues at the cellular level is a particularly impor 
tant aspect of one embodiment of the invention. Ophthalmic 
conditions Which may be treated include, but are not limited 
to, retinopathies and damage associated With injuries to oph 
thalmic tissues, such as ischemia reperfusion injuries. The 
compounds may be used for acute treatment of temporary 
conditions, or may be administered chronically, especially in 
the case of degenerative disease. The compounds may also be 
used prophylactically, especially prior to ocular surgery or 
noninvasive ophthalmic procedures, or other types of surgery. 

Pharmaceutical compositions of this invention suitable for 
parenteral administration comprise one or more compounds 
of the invention in combination With one or more pharmaceu 
tically acceptable sterile isotonic aqueous or nonaqueous 
solutions, dispersions, suspensions or emulsions, or sterile 
poWders Which may be reconstituted into sterile injectable 
solutions or dispersions just prior to use, Which may contain 
antioxidants, buffers, bacteriostats, solutes Which render the 
formulation isotonic With the blood of the intended recipient 
or suspending or thickening agents. 

Examples of suitable aqueous and nonaqueous carriers 
Which may be employed in the pharmaceutical compositions 
of the invention include Water, ethanol, polyols (such as glyc 
erol, propylene glycol, polyethylene glycol, and the like), and 
suitable mixtures thereof, vegetable oils, such as olive oil, and 
inj ectable organic esters, such as ethyl oleate. Proper ?uidity 
can be maintained, for example, by the use of coating mate 
rials, such as lecithin, by the maintenance of the required 
particle siZe in the case of dispersions, and by the use of 
surfactants. 

These compositions may also contain adjuvants such as 
preservatives, Wetting agents, emulsifying agents and dis 
persing agents. Prevention of the action of microorganisms 
may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid, and the like. It may also be desirable to 
include isotonic agents, such as sugars, sodium chloride, and 
the like into the compositions. In addition, prolonged absorp 
tion of the injectable pharmaceutical form may be brought 
about by the inclusion of agents Which delay absorption such 
as aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of a drug, it is 
desirable to sloW the absorption of the drug from subcutane 
ous or intramuscular injection. This may be accomplished by 
the use of a liquid suspension of crystalline or amorphous 
material having poor Water solubility. The rate of absorption 
of the drug then depends upon its rate of dissolution Which, in 
turn, may depend upon crystal siZe and crystalline form. 
Alternatively, delayed absorption of a parenterally-adminis 
tered drug form is accomplished by dissolving or suspending 
the drug in an oil vehicle. 

Injectable depot forms are made by forming microencap 
sule matrices of the subject compounds in biodegradable 
polymers such as polylactide-polyglycolide. Depending on 
the ratio of drug to polymer, and the nature of the particular 
polymer employed, the rate of drug release can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the drug in liposomes 
or microemulsions Which are compatible With body tissue. 

The preparations of the present invention may be given 
orally, parenterally, topically, or rectally. They are of course 
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given by forms suitable for each administration route. For 
example, they are administered in tablets or capsule form, by 
injection, inhalation, eye lotion, ointment, suppository, etc. 
administration by injection, infusion or inhalation; topical by 
lotion or ointment; and rectal by suppositories. Oral admin 
istration is preferred. 
The phrases “parenteral administration” and “adminis 

tered parenterally” as used herein means modes of adminis 
tration other than enteral and topical administration, usually 
by injection, and includes, Without limitation, intravenous, 
intramuscular, intraar‘terial, intrathecal, intracapsular, 
intraorbital, intracardiac, intraderrnal, intraperitoneal, tran 
stracheal, subcutaneous, subcuticular, intraarticular, subcap 
sular, subarachnoid, intraspinal and intrastemal injection and 
infusion. 
The phrases “systemic administration, administered sys 

tematically,” “peripheral administration” and “administered 
peripherally” as used herein mean the administration of a 
compound, drug or other material other than directly into the 
central nervous system, such that it enters the patient’ s system 
and, thus, is subject to metabolism and other like processes, 
for example, subcutaneous administration. 

These compounds may be administered to humans and 
other animals for therapy by any suitable route of adminis 
tration, including orally, nasally, as by, for example, a spray, 
rectally, intravaginally, parenterally, intracistemally and topi 
cally, as by poWders, ointments or drops, including buccally 
and sublingually. 

Regardless of the route of administration selected, the 
compounds of the present invention, Which may be used in a 
suitable hydrated form, and/ or the pharmaceutical composi 
tions of the present invention, are formulated into pharma 
ceutically acceptable dosage forms by conventional methods 
knoWn to those of skill in the art. 

Actual dosage levels of the active ingredients in the phar 
maceutical compositions of this invention may be varied so as 
to obtain an amount of the active ingredient Which is effective 
to achieve the desired therapeutic response for a particular 
patient, composition, and mode of administration, Without 
being toxic to the patient. 
The selected dosage level Will depend upon a variety of 

factors including the activity of the particular compound of 
the present invention employed, or the ester, salt or amide 
thereof, the route of administration, the time of administra 
tion, the rate of excretion of the particular compound being 
employed, the duration of the treatment, other drugs, com 
pounds and/or materials used in combination With the par 
ticular compound employed, the age, sex, Weight, condition, 
general health and prior medical history of the patient being 
treated, and like factors Well knoWn in the medical arts. 
A physician or veterinarian having ordinary skill in the art 

can readily determine and prescribe the effective amount of 
the pharmaceutical composition required. For example, the 
physician or veterinarian could start doses of the compounds 
of the invention employed in the pharmaceutical composition 
at levels loWer than that required in order to achieve the 
desired therapeutic effect and gradually increase the dosage 
until the desired effect is achieved. 

In general, a suitable daily dose of a compound of the 
invention Will be that amount of the compound Which is the 
loWest dose effective to produce a therapeutic effect. Such an 
effective dose Will generally depend upon the factors 
described above. Generally, intravenous and subcutaneous 
doses of the compounds of this invention for a patient, When 
used for the indicated analgesic effects, Will range from about 
0.0001 to about 200 mg per kilogram of body Weight per day, 




















































































































